Abstract. This paper is a test of two widely held assumptions in the practice of riparian restoration: (1) if physical processes are restored, plant communities will naturally reassemble themselves, and (2) restored communities will resemble reference sites. Seasonal flooding was restored to two interconnected floodplains in the Central Valley of California (USA), and plant community establishment was studied for six years at 300 permanent vegetation plots. If these two assumptions are valid, then the two floodplains should end up with similar plant assemblages, and they should both have followed a similar trajectory. Then, once the relevant physical processes are restored, (1) plots with similar environmental conditions should have increasingly similar species compositions, (2) plant communities should become more stable and cohesive, (3) both species distributions and plant communities should respond to changes in environmental conditions, (4) plot diversity should decrease, and (5) perennial species should replace annuals.
INTRODUCTION
Ever since the inception of restoration ecology there have been hopes that this new subdiscipline could provide an acid test for theoretical ecology (Bradshaw 1987) . Although some progress has been made (Allen et al. 1997 , van Diggelen et al. 2001 ) the collaborations between restoration practitioners and theoreticians have not yet lived up to these early expectations. This paper will focus on testing one area where improved collaboration might be particularly fruitful.
Restoration ecology, particularly riparian restoration, has focused on two interrelated ideas: (1) the identification of reference sites and (2) process based restoration. Reference sites are important to restoration practitioners because they create clearly defined goals and objectives by which the success of a project can be measured. There are many methods for defining reference sites (Kondolf and Micheli 1995 , Society for Ecological Restoration, International Science, and P. W. Group 2004 , Goebel et al. 2005 . It is, however, becoming increasingly clear that recreating the past is not always possible or even desirable Harris 2001, van Andel and Grootjans 2006) .
The idea behind process-based restoration is that communities are structured by their disturbance regimes. Thus the absence of disturbance, through flood prevention or fire suppression, is the overriding cause of degradation. If a natural disturbance regime can be reintroduced to the system, then native species should be favored and historic communities should naturally reassemble. Clearly underlying this idea is the assumption that propagules will be readily available allowing native species to reinvade. There is increasing evidence that often this is not the case (Zobel et al. 2006) .
While it is not often explicitly stated, underlying both these concepts is a deterministic view of community assembly. The assumption is that if the exact physical system is recreated then the desired plant species will quickly disperse to the site, recreating the reference community within the time scale of the post project 1 E-mail: wtrowbridge@cabnr.unr.edu monitoring. It is clear that restoration of physical processes is a prerequisite to successful ecological restoration (Junk et al. 1989 , Stanford et al. 1996 , Poff et al. 1997 , Wohl et al. 2005 . Recent work in community assembly, however, suggests that it is less clear whether these efforts will be sufficient (Suding et al. 2004) . Current theoretical work in community assembly is focused on priority effects, historical contingencies, alternative stable states, nexus species, and ecological filters rather than serial stages and climax communities (Walker 1992, Temperton and . Much of the work in wetlands has focused on ecological filters (Wienhold and van der Valk 1989 , Weiher and Keddy 1995 , Galatowitsch and van der Valk 1996 , Casanova and Brock 2000 , Keddy 2000 . The idea of dynamic filters (Fattorini and Halle 2004) suggests that the filters that determine plant establishment change constantly. Thus, the outcome of any one set of environmental and biologic conditions would be largely unpredictable. Chase (2003) predicts that, in environments where disturbances are widespread and connectance is low, community assembly may lead to multiple stable equilibria. Such alternative stable states Norton 1996, Temperton and or dynamic regimes (Mayer and Rietkerk 2004 ) represent a substantial challenge to restoration practitioners. Not only do pre-restoration conditions represent a sometimes highly resilient alternative state (Suding et al. 2004 ), but responses to restoration activities may be nonlinear or stochastic (Mayer and Rietkerk 2004) . In addition, high interannual variation (Young et al. 2005 ) and a species pool altered by invasive species suggest that the results of a large scale restoration project in floodplain systems may particularly unpredictable. Community assembly models (Robinson and Edgemon 1988, Drake et al. 1996) have found that historical contingencies such as invasion order are important determinants of community composition in experimental communities. Research on floodplain meadows in Europe also suggests that dispersal limitation is a common problem in these systems (Bakker and Berendse 1999, Donath et al. 2003) .
It is important to explore the limitations of deterministic approaches in order to demonstrate the conditions under which they are important (Belyea and Lancaster 1999) . From an applied perspective, knowledge of the species and habitats that are likely to be impacted by stochastic processes could save time and resources currently expended on intensive plantings. Large scale tests of the ideas proposed by community assembly are necessary before they can be applied to restoration ).
There are two main purposes of this study; first, to test the success of this process-based restoration, in terms of the establishment and persistence of native wetland species; second, to test whether community assembly on two large restored floodplains proceeds in a deterministic fashion. Do species quickly sort themselves into communities based on their tolerances of environmental conditions or are plant communities and species distributions essentially either stochastic or chaotic Drake 1997, Temperton and ? This paper will test the hypothesis that community assembly is essentially deterministic. Table 1 lists the specific predictions that will be used to test this larger hypothesis.
METHODS

Site description
The study site is made up of two restored floodplains located on The Nature Conservancy's Cosumnes River Preserve in California's Central Valley, east of the Sacramento/San Joaquin River Delta. The Cosumnes River is tidally influenced in the study reach, but dries out further upstream in the summer. Since this is primarily a low-elevation watershed, snowmelt is not usually sufficient to inundate the floodplain. The majority of storm pulses occur in the winter. There are numerous small dams and diversions on the tributaries and main stem of the Cosumnes but none are large enough to alter the peak flows (Florsheim and Mount 2002) .
Flooding on the Cosumnes is extremely variable. The floods in 1997 were the largest in the 100 years of record with a peak flow of 2633 m Species distributions should be patchy with neighboring plots having more species in common than distant plots with similar environmental conditions. Plot-level diversity should decrease.
Plot-level diversity should remain high. Species distributions should change with changing environmental conditions.
Species distributions should not be closely linked to environmental conditions. Ruderal annual species should be replaced by perennial competitors.
Species dominance should change from year to year.
The two floodplains should react similarly to the restoration of flooding.
The two floodplains should not necessarily react similarly to restoration.
there was water on the floodplain late in the season. The years between 2001 and 2005 were comparatively dry. Peak flows were less than 142 m 3 /s and snow melt was not sufficient to inundate the floodplain in the spring. 2005 seems to be the beginning of a return to a wet cycle. Although peak flows were not particularly high, there was sustained flooding in late spring.
Several levee breaches along the study reach allow water and sediment to flow out onto two interconnected abandoned agricultural fields. Low set-back levees partially contain the floodwaters within the floodplains (Fig. 1) . Flooding was restored to the southern (downstream) floodplain in 1995, creating a 54-ha floodplain that had been reconnected to the river for 10 years by the end of the study. The levee upstream of this floodplain was accidentally breached during the floods of January 1997 (see Plate 1). It was re-graded that fall, creating a 39-ha floodplain that had been reconnected for eight years by the end of the study. At this time, acorns were planted in some the higher elevation parts of this floodplain. In their current configurations, water flows onto the floodplains in the winter and spring in a series of storm pulses and then slowly drains throughout the late spring and summer.
The two floodplains are connected and are physically very similar. Water flows from the northern floodplain onto the southern floodplain where it mixes with additional input from the river before flowing out to exit breaches at the southern end. They are inundated for the same range of time and drain at the same rate once they are disconnected from the river. Both floodplains have ponds at their lowest points that slowly dry up through the course of the summer. The soils for both floodplains are mapped as Cosumnes silt loam by SSURGO soils data (available online).
2 There are subsurface sand lenses throughout but drainage is slow (1-2 cm/d; W. B. Trowbridge, unpublished data). The northern floodplain was historically planted in rice while the southern floodplain was in row crops. Soil samples collected for a project looking at the impact of flooding on soil chemistry detected some minor differences between the main nutrients on the two floodplains. Nitrogen, phosphorus, and potassium were all lower on the southern floodplain, but only the differences in phosphorus were significant ( Fig. 2 ; S. Clinton, personal communication).
Data collection
This study was initiated in the summer of 2000, when the northern floodplain had been fallow and seasonally flooded for two years and the southern for four years. A total of 260 permanent plot markers were installed along 16 transects (140 plots on the northern floodplain and 120 plots on the southern). The transects were located in areas with clear elevation (inundation) gradients so that all elevations were sampled. Areas close to the breaches where sediment deposition and high-flow conditions alter plant communities were eliminated. Within the selected areas the beginning of each transect was located haphazardly. The transects were then laid out perpendicular to the elevation gradient. Some are 100 m long and some are 50 m long, depending on the length of the local gradient. Either 20 or 10 plots were then located randomly along each transect at least 2 m apart. A circular plot frame with an area of 0.33 m 2 and cross strings attached to indicate the middle of the plot was placed over the plot marker to relocate the plots each year. The locations of the permanent plot markers and elevations were surveyed using a Leica TC800 total station (Leica Geosystems, Heerbrugg, Switzerland). An additional 40 plots were added in 2002 to better represent the range of elevations on the floodplain. Two transects on the northern floodplain were extended and one transect was added on the southern floodplain.
The plots were visited in the first week of August in each year. Cover was estimated for each species within the plot using modified Daubenmire cover classes ( 1, 2-5, 6-25, 26-50, 51-75, 76-95, !96 [Mueller-Dombois and Ellenberg 1974] ). Plants were identified and taxonomy follows the Jepson Manual (Jepson and Hickman 1993) . Dr. Ellen Dean at the University of California, Davis Herbarium confirmed the identification of all problematic species.
Community analyses
To detect community structure on the floodplain, plots were classified into community groups based on their species cover using TWINSAN (a classification method that uses reciprocal averaging and species indicator values to classify plots by hierarchical division [Hill 1979]) . Although there are some substantial differences in species composition on the two floodplains, all the data from both floodplains were used in one classification. This allows for a more direct comparison of the floodplains and the changes in community structure through time. Only the 30 most common species were used in this analysis. This selection was made based on an importance value that combined cover and presence.
Inundation was hypothesized to be the main gradient controlling plant distributions within the floodplains. If this is true, then the groups created above using species cover data should also differ in average plot elevation. ANOVA was used to compare the elevation of the plots classified into the different groups. This analysis was carried out with SAS software (SAS Institute 2002) using a mixed model with the average elevation of all the plots from all the years that were classified in a given community group and the group as fixed effects and the transect as a random effect.
The cohesion of these community groups was assessed by comparing the similarity of plots within each community to the similarity of plots in different communities using MEANSIM6 (van Sickle and Hughes 2000) . If the groups are ecologically significant, then plots within the group should have similar species cover, which should be clearly different from the species composition and cover of plots in other groups. In addition, if species are in some way in the process of sorting themselves into communities, then the similarities of plots within a community group should increase through time. For each pair of plots, percent similarity was calculated using Bray-Curtis similarity, a similarity measure based on the ratio of the minimum cover value divided by the total cover value, of the two pairs, for each species. Values range from 0, when there are no species in common, to 1, when the cover of all the species is the same (Legendre and Legendre 1998) . The average of all the similarities within each community group and between groups was calculated for each year. The P values are from t tests comparing the northern and southern floodplains. Five samples were taken at each of two locations on the northern floodplain (black bars) and one location on the southern floodplain (white bars). Olsen-P estimates the relative bioavailability of inorganic ortho-phosphate (PO 4 -P) in soils with neutral-to-alkaline pH. X-K is semi-quantitative and determines the amount of soil-exchangeable K residing on the soil colloid-exchange sites. Error bars represent 6SE.
The within-group means were weighted according to the number of plots per group. Mean between-group similarity was then divided by weighted mean withinplot similarity to create the ratio M obs . The smaller this ratio is the more cohesive the community classification.
Another measure of the cohesion of the communities is the proportion of plots that are reclassified into a different group each year. This was measured by looking at the proportion of plots that were classified in each group that were not classified in that group again the subsequent year. As the species that make up the group sort themselves with respect to the environmental gradients on the floodplains, and as annual species are replaced by perennial species, fewer plots should change species composition enough to be reclassified into a different group.
Dispersal limitation
Dispersal limitation was tested in two ways. First, temporal trends in species cover and presence were identified. An importance value was used to combine and standardize these two measures. Cover and presence were standardized so that their sum was 100% and then combined and divided by 2 to create an importance value, which also sums to 100%. Four different patterns of change in importance value over the six years were expected: consistently increasing, consistently decreasing, wet increasing, and dry increasing. Species that were consistently increasing over all six years of the study on both floodplains were considered to be overcoming dispersal limitation or to be superior competitors. Species that were consistently decreasing through the study period were assumed to be disturbance adapted species or agricultural weeds that occupied the site before restoration. The wet increasing and dry increasing classifications covered species that increased and decreased with yearly changes in inundation (dry increasing species increased during the dry cycle then decreased with the return of wet conditions).
Second, it was assumed that dispersal-limited species would initially arrive in a limited number of locations and then slowly spread to suitable locations throughout the floodplain. A multivariate Mantel test was used to investigate the relationship between the Bray-Curtis similarity of plots, their distance from each other, and the difference in their elevations. Similarities, distances, and elevation differences were calculated for all possible pairs of plots and then analyzed. Year-by-elevation difference and year-by-distance interaction terms were used to detect changes in the importance of the two predictor variables through time. This was essentially a multiple regression, but since pairs of plots are obviously not independent, a Mantel randomization was used to test significance (Manly 1991). Analyses were performed using a mixed model using SAS software (SAS Institute 2002) . Plot number and transect number were included as random variables. For the Mantel randomization, the similarity matrix was randomized and the data were reanalyzed. This procedure was repeated 10 000 times to estimate the distribution of the randomized parameter estimates and the probability that the observed parameter estimates would have occurred by chance.
RESULTS
Species trends
In 1998 and 1999, the first two years after the breach on the northern floodplain, Xanthium strumarium, a disturbance-adapted annual, was the dominant plant on the floodplain with patches of Euthamia occidentalis and Polygonum amphibium. Though Xanthium strumarium is native, it is a common agricultural weed and is considered invasive by some managers (Wright and Schweers 1984 , Holm 1991 , Whitson 1991 . Throughout the course of the study, X. strumarium has remained common on both floodplains but other species have become established and it is no longer the only dominant species. It is found in approximately the same number of plots (about 80% of plots) but now accounts for a much smaller proportion of the cover (19% as compared to 34% at the beginning of the study). After the first year of the study, 2000, when X. strumarium dominated both floodplains, the patterns of species dominance diverged.
On the northern floodplain, perennial species rapidly gained dominance. In the driest community, Juncus xiphioides increased steadily and is now the dominant species in this community. In the intermediate-elevation community, Cyperus eragrostis quickly became dominant. In the wettest community, X. strumarium is still an important constituent, but Phyla nodiflora, Alisma plantago-aquatica, and Ludwigia peploides have all increased in abundance and the later two typically dominate the plots where they are found.
By contrast, on the southern floodplain, no one species or group of species dominated the floodplain throughout the study. The invasion of an annual nitrogen fixer, Lotus purshianus, seems to have touched off a series of species replacements in high and intermediate elevation plots. Plots that contained L. Even the subdominant species changed dramatically over this time period. These same species went through similar cycles on the northern floodplain, but they were comparatively minor constituents of their communities, expect of course for Cyperus eragrostis. This is reflected in the difference in plot diversity on the two floodplains (Fig. 3) . Plots on the northern floodplain became less diverse through time. On the southern floodplain, however, there was an increase in diversity in 2002, the year after the L. purshianus invasion. The plots on the southern floodplain remained more diverse throughout the course of the study.
Grouping the species by functional group emphasizes the differences between the floodplains (Table 2) . Annual forbs (X. stramarium, B. frondosa, Aster subulatus) initially dominated both floodplains (43% and 46% of total cover). On the northern floodplain they were quickly replaced by sedges and rushes (C. All four of the expected trends in species abundance were represented in the data (Appendix). Of the 30 most common species, five were consistently decreasing in importance value on both floodplains throughout the six years of the study (all annuals and four of the five were nonnative). Two species showed the pattern expected for wet increasing species, decreasing in dry years and increasing when conditions are wetter. In reality, it is difficult to distinguish between these two trends because there has only been one year of renewed wet conditions. Twelve species showed the pattern expected of dry increasing species. This trend may also represent early successional species that peaked in abundance in the middle of the study, which happened to be dry, and are now declining. The wetland indicator status (Reed 1996) of these species, however, suggests that they are more likely to be found in drier conditions than the other Notes: Sedges and rushes are more common on the northern floodplain. Annual forbs were the dominant functional group on the southern floodplain until 2005 when perennial forbs became dominant. Lotus purshianus, an annual forb, is the only nitrogen fixer that was abundant on the floodplains. common species (these species are listed as facultative wetland species rather than obligate wetland species like most of the other species). Seven species of these 30 most common species were consistently increasing (all perennials and all but one native). As might be expected, many of the less common species were also consistently increasing, including Typha augustifolia, Scirpus acutus, and Scirpus fluviatilis. The remaining four common species showed no clear trend, including the most common species on both floodplains, Xanthium strumarium. Some of these unclear species showed different trends on the two floodplains (Appendix).
Community analyses
The TWINSPAN analysis yielded five main community groups (Table 3) . Group 1 was initially the most common community (87% of the plots in 2000 were classified in this community). By 2005, however, only 7% of plots were in this community. Most of the major species in this community are annuals. Group 2 is found at the same elevation as Group 1 but has been increasing rather than declining (from 0 to 21%; Fig. 4) . Group 3 and 3a were the most closely related in the TWINSPAN analysis. They were separated in the third split. By the end of the study, Group 3 was the most common community with 54% of plots classified in this group. Group 4 plots were dominated by Polygonum amphibium and Cynodon dactylon. Both of these species are perennials and seem to be able to maintain dominance in plots where they become established regardless of changing environmental conditions.
On the northern floodplain community group was clearly a significant predictor of plot elevation, confirming that elevation is an important gradient controlling plant distributions. The overall average elevation of the plots within the communities fall into three clear clusters, two low elevation groups (1 and 2), two intermediate elevation groups (3 and 4), and one high elevation group (3a).
Again the southern floodplain is less clear. Although the elevations of the plots classified in the five community groups were significantly different, the differences were minor and did not show the same pattern as the northern floodplain. On this floodplain the elevations of plots classified in Group 3 and 3a were not significantly different. These groups were the most affected by the species replacements set off by Lotus purshianus that was discussed earlier. Groups 1 and 2 were significantly different.
Throughout the dry cycle, the average elevation of all the community groups decreased each year, except for Group 4. With a return of wet conditions the communities shifted back upslope. Group 4 seems to have moved upslope during the dry cycle but the trend is not as consistent.
The average similarity within community groups was comparable on the two floodplains, but the ratio of between-to within-group similarity was consistently smaller on the northern floodplain. This suggests that the plots within community groups on the northern floodplain were more distinct from plots that were classified in different groups. This ratio was also much more consistent on the northern floodplain. On the southern floodplain the ratio fluctuated from year to year. The floodplains were similar in 2001 and 2004, but increases in the between-community group similarity in 2002, 2003, and 2005 increased the ratio dramatically and drove the observed differences between the floodplains (Table 4) .
The proportion of plots that had changed communities was high on both floodplains in 2000 and decreased Notes: All the plots from both floodplains and all six years were used in TWINSPAN to classify the plots into five communities. Groups 1-4 are the results of the initial two splits. Group 3 and 3a were split in the third split.
The percentage of the total possible cover within that group for each species. 
Dispersal limitations
The results of the Mantel test of the importance of dispersal limitation on the two floodplains were again contradictory. The Mantel randomizations showed that all the parameter estimates were significant at the P , 0.0001 level (Table 5) . On the northern floodplain, the   FIG. 4 . The change in the number of plots classified in each group through time. The data from both floodplains were similar, so they were combined in this figure. 1  34  125  34  59  34  44  42  10  30  13  32  14  2  ND  0  0  1  36  7  61  6  46  18  52  13  3  34  2  36  28  31  54  31  81  30  37  31 Notes: The mean similarity within groups was weighted by the number of plots classified in that group. M obs is the ratio of between-group similarity to within-group similarity, so the smaller ratios indicate more distinct groups. ND indicates ''no data.'' year-by-elevation estimate was negative, so throughout the study plots with a large elevation difference became less similar over time. The distance-by-year term, however, was positive, so in year six, plots that were far apart were more similar than in year one. Fig. 5 shows the model results. The best model fit was obtained with the similarity data untransformed and the elevation and distance data square root transformed.
The southern floodplain shows the opposite pattern. Dispersal limitation, or the patchiness of plant distributions, actually increased in importance through out the six years of the study. The distance-by-year estimate was negative, suggesting that plots became more similar to their neighbors regardless of environmental factors, while the elevation-by-year term was positive, so plots that experience different environmental conditions actually became more similar.
DISCUSSION
The two study floodplains have clearly undergone different patterns of succession. The plants on the northern floodplain followed the pattern predicted for deterministic community assembly. Eight years after flooding was restored to this former agricultural field, inundation frequency is playing a more important role than dispersal limitation in determining species distributions. Native perennial species now dominate the three major communities. The communities have also sorted themselves out with respect to elevation and have become more cohesive through time. The proportion of plots that changed community from year to year decreased steadily throughout the dry cycle. The average within-community similarity increased through the first half of the study and then remained relatively high. The average elevation of the plots classified in a given community decreased throughout the dry cycle (except for Group 4) and increased slightly with the return of wet conditions. The data seems to cleanly fit the deterministic hypothesis laid out in the introduction.
The southern floodplain, however, does not fit this pattern. In 2005, 10 years after flooding was restored, the southern floodplain still shows significant signs of dispersal limitation. Physical proximity is a significantly better predictor of plot similarity than inundation frequency. While perennial species did become more common, the rate of increase was slower on this floodplain. The mid and high elevation communities (Group 3 and 3a) are still not dominated by perennial species. Rather than becoming more stable through time the communities on this floodplain became less so. The proportion of plots that changed communities initially declined but then increased dramatically between 2002 and 2003. The ratio of between-to within-community similarity peaked in 2002, as did the average number of species per plot. While there was a significant difference in the elevations of the communities on this floodplain there is not the level of separation that there was on the northern floodplain. The means are much more similar and the standard deviations are larger.
Community Group 3 and 3a were largely responsible for the difference between the two floodplains. A large proportion of the plots on the southern floodplain are classified in these two groups, 70% of plots in 2005 and 52% across all six years. These were the groups dominated by Lotus purshianus in 2001. The initial cause of the high Lotus purshianus abundance on this floodplain may have been either biotic (dispersal limitation) or abiotic. While I can not eliminate the role of abiotic factors in the original invasion; there is strong correlative evidence that Lotus purshianus initiated a change in species dynamics on the southern floodplain.
Through 2001, both floodplains seemed to be following the trajectory described for the northern floodplain. It was only in 2002 that they diverged. Since Lotus purshianus is a nitrogen fixer and denitrification has been shown to be important in these systems (Sheibley et al. 2006) it seems likely that it may act as a nexus species, a transient species whose presence or absence has profound long-term effects (Lockwood and Samuels 2004, Young et al. 2005) . If L. purshianus changed the soil chemistry, either through leakage of fixed nitrogen into the soil or through litter decomposition, then patchiness of L. purshianus and resulting patchiness of soil nitrogen could explain the high similarity of neighboring plots and high variability. This could also explain why many of the measures of variability peaked in 2002, the year after the L. purshianus invasion. The invasion of a nitrogen fixer could also explain the difference in phosphorus on the two floodplains since nitrogen fixers have been shown to be phosphorus limited (Binkley et al. 2003) . This would have furthered added to patchiness of soil conditions.
The timing of the breaches may also have played an important role in plant establishment on the two floodplains. The southern floodplain was reconnected with the river two years before the northern floodplain. These initial two years were extremely wet, including the largest flood in the hundred years of record. Van der Valk (1981) showed that only a limited number of species can establish in saturated condition. These initial wet years may have set up priority effects that changed the trajectory of community assembly on this floodplain. The southern floodplain has more cover in perennial forbs than the northern floodplain and less cover in sedges and rushes in every year. During the initial wet years, perennial species that tolerate wet conditions would have had a better chance to become established across a wider elevation gradient. This may explain the difference in Group 4 on the southern floodplain. Polygonum amphibium, the dominant species in this group, is more common and is found at higher elevations on the southern floodplain. Although it is not as common Scirpus fluviatilis also seems to be following this pattern. Both species are dominant perennials in the plots that they occupy, and though they establish best in wet conditions they are able to expand vegetatively in dry years. At the beginning of the study cycle, Polygonum amphibium occupied 52 plots on the southern floodplain. Throughout the dry cycle it disappeared from more plots than it colonized. It appeared in, at most, two new plots a year until the return of the wet cycle in 2005 when it was found in four new plots and returned to three plots that it had been eliminated from.
The topography of the floodplains clearly plays an important role in dispersal limitation. Low-elevation communities are fairly contiguous throughout the two floodplains. Wind and water flow through these habitats, dispersing seeds across and between the floodplains. In contrast, the mid-and high-elevation plots are much more isolated. This may have contributed to the observed differences in the dispersal limitation on the two floodplains. Groups 1 and 2 were more connected and were thus the most similar both across years but also between floodplains. These two groups underwent the clearest successional change throughout the course of the study. Group 1 almost completely disappeared while Group 2 steadily increased. This suggests successional dynamics rather than historical contingency.
Some authors have suggested that community assembly may be historically contingent with respect to species composition, but it should be deterministic with respect to trait-based functional groups (Voigt and Perner 2004 , Fukami et al. 2005 , Hooper 2005 ). While there is convincing evidence that this is the case in some systems, it does not seem to be the case here. The northern floodplain is dominated by sedges and rushes while the southern floodplain is dominated by perennial forbs. These differences, however, may merely represent alternative trajectories but not alternative stable states. Ten years may not be adequate to identify stable states (Mayer and Rietkerk 2004) . The southern floodplain has clearly not been stable over the course of this study.
From a management perspective the results of this study suggest that species invasion after a larger scale disturbance does not necessarily follow a predictable pattern. In light of this, the emphasis by practitioners on choosing an appropriate reference sites is misplaced. As Hobbs and Harris (2001) suggest we may be better served by setting goals based on desired characteristics of the system in the future. In addition, inundation duration and frequency are not adequate predictors of short-term trajectories. Historical contingencies and nexus species may have played an important role or small differences in physical environment may be responsible. A six-year study is not long enough to determine if the differences observed on the two floodplains represent alternative stable states. The results presented here do suggest that the restoration of physical processes on these two floodplains led to the establishment of plant communities primarily made up of native species. Despite a readily available pool of invasive species on the surrounding levees and agricultural fields, the proportion of the cover made up by native species remained relatively high (75-80%). There was a minor dip (to 63% native) on southern floodplain in 2004 at the end of the dry cycle when annual grasses reached their peak (Table 2) . When the wet cycle returned these grasses were replaced by native wetland species. This also suggests that regular prolonged flooding is necessary to maintain native communities. ACKNOWLEDGMENTS I thank Mark Schwartz and Jeff Mount, for support, advice, and manuscript improvement; Mark Rains and David Board for hydrological and statistical advice; Ellen Dean for taxonomic advice; and Janice Fong for graphics assistance. I also thank Vicky Temperton, Ramona Swenson, Jeanne Chambers, and two anonymous reviewers for their comments on various drafts and The Nature Conservancy for generously allowing me to work on their preserve. This research was funded by the David and Lucile Packard Foundation (grant number 98-3584).
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